A s in other English-speaking countries, asthma is a major health problem in New Zealand with 26% of adults 1 and 30% of 13-14 year olds 2
reporting wheezing in the past 12 months. There is evidence also that prevalence is increasing. 3, 4 Prevalence studies in New Zealand 3, 5, 6 have identified various risk factors for childhood asthma, including male sex, 5, 7 parental 3, 5, 6 or sibling asthma, 6 or having eczema during the first year of life. 6 However, there have also been inconsistent findings among these studies, including reports that paternal asthma 5 and parental eczema 6 are not significantly related to asthma in the child, and that the influence of parental asthma may depend on a child's gender. 8 More recently, a role for vaccination in promoting allergic sensitisation has been proposed. [9] [10] [11] It has been hypothesised that intracellular infections in early life promote a predominantly TH1 response, rather than the TH2 response important in the development of atopy. 10 In this context, vaccinations may contribute towards sensitisation because they reduce clinical infection. Alternatively, they may directly promote the development of sensitisation. 11 Certainly, pertussis vaccination has been found to act as an adjuvant for antigen-specific responses in laboratory animals. 12 There are, however, few epidemiological studies that have examined the role of vaccinations in the development of atopy or asthma. 9, [13] [14] [15] [16] [17] For these reasons, we conducted a case-control study of asthma in childhood and report here the findings for demographic factors and vaccinations.
Methods
The case-control study was based on the Wellington, New Zealand, arm of the International Study of Asthma and Allergies in Children (ISAAC), which was a study of all children aged 6-7 and 13-14 from a random selection of schools. There were 3,318 children aged 6-7 years included in the Wellington survey, a response rate of 92%. 18 For the current study, potential cases and potential controls were each randomly selected from these 3,318 children.
Recruitment of study subjects
Potential cases and potential controls were selected from the 3,318 ISAAC Wellington participants in the younger age group, by then aged 7-9 (mean age 8.3). The 781 children who reported wheezing or whistling in the chest in the past 12 months and reported ever having had asthma constituted the sampling frame from which 399 potential cases were selected at random. In order to limit the cases to children with current asthma, screening questions to the parents further restricted the cases to children with diagnosed asthma who had used asthma medication in the past 12 months.
The 2,113 children who had never had wheezing or whistling in the chest and who had never had asthma comprised the sampling frame from which the 398 potential controls were selected. Further screening questions ensured that these children had never had wheezing or whistling in the chest or a doctor's diagnosis of asthma.
All schools co-operated in distributing to parents an information sheet and a reply form asking for addresses and phone numbers. When children had moved to another school within Wellington since their participation in ISAAC, this school was invited to co-operate in the study. When children had moved outside Wellington they were considered ineligible.
Collection of exposure information
Parents who returned reply forms were contacted and asked the additional screening questions that determined the final case or control status of the child. Appointments were made with eligible respondents to visit them in their homes. When a birth parent lived separately, permission was asked from the responding parent to contact the absent parent.
Questionnaires recorded information about a variety of demographic and other possible risk factors for asthma. These included gender and ethnicity of the child and the occupations of up to two parents or caregivers in the household. The New Zealand Elley Irving scale of socio-economic status 19 was used to assign social class codes 1 (highest) to 6 (lowest) according to the occupation of the parent or caregiver with the higher income. This classification groups occupations according to the mean levels of education and income. Although households without a parent or caregiver in employment are excluded from the classification, we included them as a separate category in the analysis. Information was also collected on current smoking in the home and smoking during the first year of life, other atopic diseases in the sampled child and in birth parents and siblings. Each birth parent was separately asked about their own history, with the mother additionally asked to supply information about previous births, length of gestation, birth weight and infant feeding of the selected child. This information was also collected from birth parents who lived separately and had agreed to participate.
Approximately one year after the main interviews, vaccination histories were collected blind from the medical notes of the child's general practitioner (GP), after permission had been granted by the parents. When the current GP did not have the vaccination history, previous GPs were visited. GPs outside Wellington were written to and asked to complete a vaccination history questionnaire. If notes were not available after contacting all doctors, parents were contacted again and asked to complete a vaccination history from their child's Health and Development Record. Vaccination questionnaires were coded according to whether records (either the child's GP notes or Health and Development Record) completely covered the period from birth to the survey date, partly covered this period or there were no records available. Thus, data that was not based on records was able to be excluded from the analyses.
Statistical analysis
Data analysis was conducted using SAS. Odds ratios and 95% confidence intervals (CI) were estimated using the MantelHaenszel method 20 for univariate analysis and unconditional multiple logistic regression 21 to adjust for potential confounders.
Results
Of the 399 potential cases selected from the ISAAC survey, 97 were ineligible: eight had never had a doctor's diagnosis of asthma; 60 had not used medication in the past 12 months; 24 had moved away from Wellington; four had moved but their whereabouts was unknown and the reason for ineligibility was not recorded for one potential case. Of the 398 potential controls, 50 were ineligible: 14 had reported wheezing or whistling in the chest at sometime in the past; five had had a doctor's diagnosis of asthma; 29 had moved away from Wellington; and two had moved but their whereabouts was unknown. Among the eligible population, 233 (77%) cases and 241 (69%) controls participated in the study (see Table 1 ).
For the vaccination arm of the study, 11 of the 233 participating cases had moved and could not be traced and two cases declined to provide the name of the child's current doctor. Similarly, five of the 241 controls had moved and could not be traced, one control refused and four controls declined to provide the name of the child's current doctor. The children of parents who did not supply doctor's names were excluded from the vaccination analyses. Among those included in the main analysis, there were 194 cases and 204 controls with records available since birth, 17 cases and 16 controls where records were available for only some of the period, and 9 cases and 11 controls where no records were located. Table 2 shows that male sex was associated with twice the risk of asthma and having parents in social classes 5 or 6, or unemployed, was associated with a small increased risk for asthma, with some evidence of a dose response. Stratification of the data by ethnicity showed that the effect of social class on asthma was independent of ethnicity. Table 3 shows that maternal asthma, eczema and hayfever, paternal asthma, eczema and hayfever and sibling asthma were factors significantly associated with asthma. Either parent having asthma was also strongly associated with asthma in the child (OR=3.79, 95% CI 2.57-5.61), and this was stronger for boys (OR=4.11, 95% CI 2.39-7.08) than girls (OR=3.11, 95% CI 1.74-5.56). When both parents had asthma, the odds ratio increased to 9.95 (95% CI 2.84-34.88) compared with neither parent having We found little or no association between length of gestation, birth weight, breastfeeding, number of months breastfed, or the introduction of cow's milk in the first year of life (defined to exclude cow's milk-based formula) for either breastfed or formula-fed infants and asthma (see Table 4 ). Among asthmatic children, breastfed children were less likely to develop their first symptoms under one year of age (OR=0.37, 95% CI 0.15-0.93).
Maternal smoking during pregnancy did not increase the risk of asthma. There was also no relationship between maternal, paternal or any smoking in the house, the number of smokers, and the number of cigarettes smoked during the first year of the child's life and asthma. For current smoking, although these same variables were associated with odds ratios greater than one, these were mostly weak and not significant. The exception was any smoking in the house currently which showed a marginally significant increased risk of asthma (OR=1.44, 95% CI 0.99-2.09).
Vaccinations
Most vaccinations showed non-significantly elevated odds ratios for asthma when compared with children who had not had that vaccination (see Table 5 ). The exception was MMR (measles, mumps and rubella) where the positive association was statistically significant. Hepatitis B vaccination showed a non-significant negative association with asthma. The exclusion from the analysis of data not based on records increased the association between polio and asthma, but did not change the association between hepatitis B or MMR and asthma. Although children in social classes 1 and 2 were more likely to have received any vaccination (OR=1.56, 95% CI 0.37-6.61) than children in social classes 5 and 6 or children of unemployed parents, this was not significant. Children in social classes 1 and 2 were also more likely to have received DPT (diphtheria, pertussis, tetanus) (OR=2.59, 95% CI 1.16-5.81), polio (OR=2.08, 95% CI 0.76-5.69), MMR (OR=1.77, 95% CI 0.95-3.32), any measles containing vaccine (OR=1.64, 95% CI 0.84-3.22) or both measles containing vaccines (OR=1.85, 95% CI 0.91-3.74). They were also slightly less likely to have had hepatitis B vaccination (OR=0.85, 95% CI 0.51-1.42).
MMR was the only vaccine that first-born children were significantly more likely to have had than third or later-born children (OR=2.30, 95% CI 1.36-3.89). They were also significantly more likely to have had both measles containing vaccines (OR=2.44, 95% CI 1.36-4.38) but only slightly more likely to have had the MMR vaccine and not the measles vaccine (OR=1.36, 95% CI 0.53-3.51).
Multivariate analysis
The multivariate analysis (see Table 6 ) assessed the independent effects of all variables that were strongly or significantly related to asthma in the univariate analysis, including exposures whose associations with asthma are reported elsewhere. 22, 23 These included gender, social class, maternal and paternal asthma, family size, child care use in the first year of life, whooping cough and measles infection, hepatitis B, polio and MMR vaccination, sheepskin use in the first year of life, current use of a waterbed or plastic sheet on the mattress, age of mattress and any current smoking in the house. Sibling asthma, hayfever or eczema were not included in the model because information on maternal and paternal asthma, eczema and hayfever was available to allow for direct control for family history of asthma.
Having maternal or paternal asthma, maternal eczema or paternal hayfever, or being male remained significant risk factors in the multivariate analysis. Children from social classes 5 and 6 or with unemployed parents were also significantly more likely to have asthma than children in social classes 1 and 2. The effect of current smoking in the home increased, but its significance reduced. The associations of hepatitis B and polio with asthma were virtually unchanged, compared with the univariate analysis. The significant univariate association between MMR vaccination and asthma was found to be due to confounding by the variables for measles infection and polio vaccination. To assess the influence of social class on asthma independently of birth weight and gestational age, these variables were added to the model but did not alter the social class effect. Replacing the variable for family size with the variable for birth order did not change the outcome of the model.
A further model that combined the variables for skin prick test positivity to Dermatophagoides pteronyssinus, Dermatophagoides farinae and cat with the gender variable showed a reduction in the odds ratio for male sex from 1.95 to 1.59 (95% CI 1.06-2.38), suggesting that some of the gender difference may occur through mechanisms involving atopy to these allergens.
Discussion

Demographic factors
Many studies have found that boys are at almost twice the risk of developing asthma than girls. 6, 7 We found a similar effect in the univariate analysis; some of this effect was explained by atopy to dust mites and cat in the multivariate analysis. Sears et al. 24 also found that gender differences for asthma reduced after adjustment for skin-test responsiveness to house dust mite and/or cat. Reasons for the residual excess prevalence among boys are unknown.
Our finding of increased asthma prevalence in lower social classes is consistent with the findings of Strachan et al., 25 who found a trend towards more current wheeze in less privileged classes. The reasons why less advantaged children should have more asthma are unclear. Lower social class status may be an indicator of other factors associated with asthma such as low gestational age, 26 low birth weight 26 and smoking. 27, 28 However, adjusting for these variables did not alter the effect of social class on asthma. Another possible explanation for our findings is that the relatively small numbers of our study population in the lower social classes reflect a lower response rate in this group and our findings could be due to selection bias if the response rate was also related to disease status. In addition, it should be noted that social class may be associated with asthma exacerbations (and hence the prolongation of symptomatic periods) rather than asthma incidence. 29 
Family history
A family history of asthma is also a frequently reported risk factor for asthma, which our study confirmed. 5, 7, 8, 26, 30 Fergusson, in a New Zealand cohort study, found that the association between parental asthma and asthma in four-year-old children was true for boys but not girls, and concluded that the expression of asthma in genetically susceptible female children is delayed until middle childhood compared with its earlier expression in genetically susceptible boys. 8 The older age (7-9 years) of the children in our study may explain why we did not find such clear gender differences in the association between parental asthma and childhood asthma. After adjusting for possible confounders we found a greater influence of maternal versus paternal asthma on asthma in the child. This is consistent with the New Zealand study by Sears et al.
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Breastfeeding
We found no effect of breastfeeding on asthma prevalence at age 7-9. However, breastfeeding seems to delay the onset of asthma symptoms, possibly because it protects against wheezing associated with infectious respiratory illness in infancy.
Parental smoking
Although we found no effect of early life exposures to tobacco smoke on the prevalence of asthma, we have shown a marked increase in the risk of asthma (OR=1.65) associated with current smoking in the home. A recent review of parental smoking reported that although environmental tobacco smoke was associated with small increased risks of asthma these were important because of the large number of children exposed to smoking in the home. 31 This is supported in our study where 41% of asthmatics lived with a smoker.
Vaccinations
Overall, we found little evidence of an association between vaccination and asthma; although the odds ratios for some vaccinations were non-significantly elevated, this small increased risk could be due to the method of case selection. For example, if the cases were more likely to have had access to medical care they would therefore be more likely to have been vaccinated. Furthermore, for most vaccinations, only small numbers of children were unexposed, and it is possible that some of these children did receive vaccinations that were not recorded. Thus, our findings should be considered with caution.
The significant univariate association of MMR vaccination with asthma was found to be due to confounding by measles infection and polio vaccination. Nevertheless, after adjustment, the association for MMR with asthma remained positive, which is consistent with a recent study of Steiner schools where children not receiving the MMR vaccination were significantly less likely to be atopic. 32 Since MMR was not introduced into New Zealand until 1990 (when the children in our study were aged about 4-6 years) the uptake of this vaccination was low but higher among children of low birth order and high social class. However, adjusting for these possible confounders did not substantially reduce the effect of MMR on asthma.
Hepatitis B was also introduced as a universal vaccination in New Zealand in 1990. Our finding of a weak negative association for hepatitis B vaccination is of interest in light of the protective effect of Hepatitis A infection found by Matricardi et al. 33 To confirm our findings, a study of approximately twice the size would be required.
The later universal introduction of MMR and hepatitis B vaccination meant that there were more children in the non-exposed comparison group, increasing our confidence in the results. Nevertheless, our findings for vaccinations are inconclusive, and future studies should involve a sample of all asthmatics (rather than diagnosed asthmatics) in populations that include a significant proportion of non-vaccinated children.
Finally, caution is needed in the interpretation of the study results; since we examined many factors some will be significant by chance alone.
